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Chapter 1
Introduction
Are you entangled?
1.1 Overview and Objectives
In the last two decades quantum information theory has emerged as a branch
of quantum physics which links concepts of quantum physics to ideas from in-
formation theory. On the one hand it became evident that the language from
classical information theory is appropriate to grasp several important open ques-
tions in quantum mechanics. On the other hand, it was recognised that quan-
tum mechanical systems would allow for processing of classical information that
could not be realised with physical systems belonging to the realm of classical
physics. Most prominently perhaps, factoring of large numbers is a problem
that can be solved in polynomial time on a quantum computer. In computer
science, this problem belongs to the complexity class of NP problems, which
means that there is no known polynomial time algorithm for a classical com-
puter. Frankly, to factor large numbers is simply not possible in any reasonable
time scale with a classical computer. The insight that there exist quantum
algorithms that so massively outperform the best known classical algorithms
resulted in a strong interest in quantum computation. Soon other subjects of
information theory were reviewed from the quantum physics perspective, and
many other applications were found.
Furthermore it was recognised that entanglement plays a major role for those
applications which can not be realised with classical schemes or setups. Today,
entanglement is seen as a resource, which is consumed when using it for quantum
information processing. The dictionary describes entangled as follows:
If something is entangled in something else, such as a rope, wire, or
net, it is caught in it very firmly.
If you are entangled in something, you are involved in difficulties
from which it is hard to escape.
If you are entangled with someone, you are involved in a relationship
with them that causes problems or difficulties.
In quantum physics, entangled states can be understood as states where degrees
of freedom of parts of the system are tightly correlated. In contrast to clas-
sical correlations, entanglement can not be generated by a preparation using
only local operations on parts of the system and thus offers new dimensions
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